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ANTI-ALIASING TELEVISION SIGNALS 
FOR DISPLAY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority of the following applica 
tions: 
Application Ser. No. 08/770,238, filed Dec. 20, 1996, in the 

name of inventors Wei Yen and Steven Weinstein, titled 
“Internet Multiplexer for Broadcast and Other Informa 
tion; 

Provisional Application Ser. No. 60/047,809, filed May 12, 
1997, in the name of inventors Weinstein et al., titled 
“User Interface;” 
Each of these applications is hereby incorporated by 

reference as if fully set forth herein. 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to television Signals. 
2. Related Art 
In displaying television Signals including detailed 

information, Such as text (or other relatively sharp or Small 
images, including icons, chyrons, or graphical line art), it is 
desirable for the displayed images to be displayed sharply 
but without visual artifacts resulting from finite-size pixels 
or from Y/C Separation. In the known art anti-aliasing is one 
method for reducing visual artifacts when the image is Small 
relative to the available pixels. 
One problem in the known artis Selection of a background 

color with respect to which to perform anti-aliasing. In 
particular, performing anti-aliasing with respect to a single 
color, namely the constant background color is more effec 
tive than when the background includes a range of colors. 
This problem is exacerbated when the background is a 
dynamically changing image, Such as a slide show, another 
animated graphical display, or a Video display Such as 
broadcast television. 

Accordingly, it would be desirable to provide an improved 
method and System for presenting television Signals, includ 
ing anti-aliasing of text with respect to a background. This 
advantage is achieved in an embodiment of the invention in 
which the background color is determined relatively locally, 
and text or other graphics overlaid on that background are 
anti-aliased with respect to each relatively local background 
color. 

SUMMARY OF THE INVENTION 

The invention provides an improved method and System 
for presenting television Signals, including anti-aliasing of 
text with respect to a background. The background color 
may be determined relatively locally for each element to be 
anti-aliased, and text or other graphics overlaid on that 
background are anti-aliased with respect to each relatively 
local background color. Therefore the invention comprises a 
background color detector for dynamically determining the 
background colors of displayed images or text and Some 
form of anti-aliasing processor for anti-aliasing the edges of 
those displayed images or text based upon the dynamically 
determined background colors. 

Also, in an embodiment of the invention, anti-aliasing is 
used to blur text and graphics more vertically than horizon 
tally to reduce flicker from interlaced display. Further, in an 
embodiment of the invention, anti-aliasing can blur chromi 
nance more than luminance to further reduce croSS 
chrominance beyond the reduction already achieved by 
anti-aliasing. 
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2 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a block diagram of a System for anti-aliasing 
television Signals for display. 

FIG. 2 shows a process flow diagram of a method for 
anti-aliasing television signals for display. 

FIG. 3 shows a block diagram of histograms produced at 
the document/frame level and pixel/pixel block levels on a 
document for display. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

In the following description, a preferred embodiment of 
the invention is described with respect to preferred proceSS 
StepS and data structures. However, those skilled in the art 
would recognize, after perusal of this application, that 
embodiments of the invention may be implemented using 
one or more general purpose processors (or special purpose 
processors adapted to the particular proceSS Steps and data 
Structures) operating under program control, or other special 
purpose circuits, and that implementation of the preferred 
process StepS and data Structures described herein using Such 
equipment would not require undue experimentation or 
further invention. 
Application and System Elements 

The invention provides an improved method of anti 
aliasing text for display on a television or other comparable 
Video monitor. 

In particular, the present invention addresses Several 
Sources of Video artifacts, which may improve the quality of 
the Visual presentation of text not only on Standard television 
Screens but on other Video monitors as well. A variety of 
other applications will be obvious to those skilled in the art, 
and hence, the present description is meant to be illustrative 
and not limiting to the invention. 
Application 
An application of the instant invention is the display of 

text from a computer onto a television Screen. Text gener 
ated by a computer is often difficult to read when so 
displayed on a Standard television, due to increased video 
artifacts associated with the lower resolution and other 
characteristics of the television Screen. AS described above, 
prior art anti-aliasing techniques may fail to provide Suffi 
cient textual clarity. This makes display of text on Standard 
televisions problematic. This invention solves these prob 
lems. 

For example, it is desirable to display on a television 
World-wide web pages or other documents generated using 
HTML (Hyper-Text Markup Language), the language in 
which web pages are presently written. The Visual compo 
nents of Such documents comprise combinations of graphic 
and textual material. Frequently on Such pages, text is 
displayed directly over graphic images. In particular, this 
invention addresses the problem of increasing the clarity of 
Such visual displays on Standard television Screens. 
System Elements 

FIG. 1 shows a block diagram of a System for anti-aliasing 
television Signals for display. 
A Set top device 10 has a processor 12 connected to a 

Volatile memory 14, a persistent memory 15, a graphics 
processor 16, and an encoder 18 through a data bus 19. 
Display device 20 is connected to set top device 10 via data 
transmission line 30. Content provider 60 is connected to set 
top device 10 via communication channel 50. 

Communication channel 50 comprises a telephone line, 
ISDN line, cable, fiberoptic, or any other data transfer line 
and is connected to network interface device connected to, 
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or contained within, I/O port 40. Such a connection links 
client device 10 through a network, either a private intranet 
or the public Internet to any of a plurality of content 
providers 60. 
Method of Operation 

FIG. 2 shows a process flow diagram of a method for 
anti-aliasing television signals for display. 

Initially, a Signal is Sent from content provider 60 to Set 
top device 10 via communication channel 50. From the 
standpoint of the user set top device 10 acts as blackbox and 
all of the graphics processing is transparent to the user. 
Furthermore, Since the rudiments of graphics processing are 
known in the art we will not treat them here but rather we 
will disclose the inventive proceSS Steps. There are four 
important Steps to rendering fonts through anti-aliasing 
which contribute to displaying characters which are legible 
and free from Visual artifacts: Sampling and chrominance 
adjustment, choice of colors and generation of color ramp, 
generation of gray Scale bitmap, and rendering colors. 
Sampling and Chrominance Adjustment 

First, the foreground and the background are Sampled and 
chrominance adjusted. The nature of the Step of determining 
foreground and background color depends on the nature of 
the textual material being displayed on the Screen of display 
device 40. There are several methods by which background 
colors may be set on a display. Certain pre-determined color 
Schemes may be preset by the manufacturer as part of the 
display System. These may be either Set in the hardware of 
a video display (either hardwired into the display or set in a 
reprogrammable persistent memory) or in the Software 
which is used to display the documents, Such as web 
browser. This method of Setting colorS has advantages ideal 
for anti-aliasing, as it allows the manufacturer to set colors 
which minimize artifacts. 

In addition, users may change the System defaults, either 
directly or through inference from usage. For example, all 
major web browsing software allow users to define default 
values for text and backgrounds. Also, color Settings in the 
display monitor itself may be set by changing values in the 
reprogrammable persistent memory. While allowing the user 
to choose colors is less desirable from the point-of-view of 
minimizing aliasing artifacts, it does allow the user to 
choose colors which are more legible or Visually appealing 
to the user on their particular video display. Determining the 
background color is simple, as it is pre-Specified by the user. 

Furthermore, HTML tags or other instructions which set 
colors may be embedded directly in the document by the 
document's author. This is a common practice, as it gives the 
document's author greater control over the Visual presenta 
tion. Such instructions ordinarily take precedence over any 
values specified by the video manufacturer, web browser or 
user Settings. Determining the background color is again 
Simple, as it is directly Specified. 

Finally, text may be Superimposed over graphic elements 
in the page, and hence the background color for the text 
characters will be defined by the underlying graphics. This 
is the most complex Situation for determining the back 
ground color to use for anti-aliasing, as the color may vary 
both globally, over the entire document, and locally, over 
one or more adjacent characters. Furthermore, the graphic 
element may change with time, Such as image slide shows, 
animated graphics, television broadcasts, Video-camera 
feeds, etc. Hence, the background color of the characters 
may be changing with time. 
Where the background color varies with the document's 

content, Several methods may be used for determining 
background color 100. A color histogram 302 may be 
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4 
generated for the entire document or frame 301, from which 
an appropriate determination of background may be derived. 
Alternatively, a locally weighted histogram 304 may be 
generated for each pixel or for blocks of pixels 303. Such an 
approach is more computation-intensive, but may be neces 
Sary when the colors are expected to vary widely over the 
entire document or frame. Finally, character edge pixels for 
entire document or frame may be considered, and a back 
ground color determined by Similar methods as determining 
the background for the entire document. 

In each of the above instances, "local' anti-aliasing may 
be applied with respect to background color to improve the 
clarity of the text where “local” refers to anti 16 aliasing on 
a per pixel or per String basis. The anti-aliasing procedure 
may be determined for each individual character as an 
average over the edges of that character or localized cluster 
of characters, based upon background colorS determined by 
the methods described above. Alternatively, the background 
color and anti-aliasing characteristics may be determined 
Separately for each edge pixel. In either case the determi 
nation of the background color may be based upon a global 
background color or upon a "local background color deter 
mined as described above. 
More Specifically, data which represents the Video portion 

of the signal received by set top device 10 at step 10 is 
chrominance adjusted at Step 100. In particular, the entire 
foreground color displayed on the display device 40 is 
chrominance adjusted globally for each text color, and the 
background color is chrominance adjusted “locally on a per 
pixel basis. 
Color Ramp Generation 
AS noted above, the background color may change over 

time if a dynamically-varying image is used as the back 
ground to the text. In Such a case, the background color must 
be redetermined and anti-aliasing recomputed. Such recom 
putation may be performed either on a regular basis at 
pre-determined time intervals, or when the image locally 
changes by more than a pre-determined threshold amount. 
Also, some digital video formats, such as MPEG, utilize 
techniques which may redraw only portions of the image 
which have changed. The present invention may take advan 
tage of Such techniques by only recomputing background 
color for areas where Such redraws occur. 

In addition to applying anti-aliasing locally with respect 
to background color, the width of the color ramp used in 
anti-aliasing may be varied to improve clarity of the text 
characters. For example, blurring out the edge of the char 
acter over a wider transition range will reduce Sudden 
changes in color that can cause Y/C Separation artifacts 
(chrominance crossing over into luminance) on composite 
Video display devices. However, for Small characters, Sig 
nificant blurring will Seriously degrade legibility. Hence, the 
transition range is often made more narrow than needed to 
eliminate Y/C Separation. The particular methods used to 
widen anti-alias ramps and applying them to the edges of a 
graphic image, Such as a text character, are well known to 
those skilled in the art of the present invention. 
One embodiment of the present invention addresses the 

problem of Y/C separation artifacts by blurring chrominance 
(C) more than luminance (Y). Hence, Separate ramps may be 
used for the Y component than for the C components, with 
a wider ramp used for the C components than the Y 
component in this case. 

For example, the anti-aliasing begins at Step 110 wherein 
the closest colors to the foreground and background colors 
are chosen from a color map. From the two colors chosen at 
step 110, a linear color ramp is constructed of width w 
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between the two (R,G,B) colors, such that (Rb, Gb, Bb), the 
background anti-aliasing color and (Rf, Gf, Bf), the fore 
ground anti-aliasing color is an array of (R, G, B) values 
where for each component 

For n=(0,1, . . . , W-1). 
However, due to the non-linearity of TV displays, a linear 

ramp of values in the frame buffer does not result in a linear 
ramp of intensities being displayed on the Screen of display 
device 40 unless the set top device 10 includes built in 
gamma correction among its processing capabilities. The 
gamma correction may be implemented in hardware or 
Software, however it is necessary that the gamma correction 
be done with respect to the black output level. In particular, 
for a System with a gamma of g (for television sets typically: 
221 g-3), a black value of (R,G,B)=(min, min, min) and a 
white value of (R, G, B)=(max, max, max), the gamma 
corrected ramp of width w between (Rb, Gb, Bb.) and (Rf, 
Gf, Bf) is: 

For n=(0,1, . . . , W-1). 
Bitmap Generation 

After, the color ramp has been generated at Step 110 
according to the above equation and any necessary gamma 
correction performed, a bitmap is generated at Step 120 
wherein the text characters are represented in gray Scale with 
four or six levels of gray. A fullbackground color would be 
assigned a value of 0 while a full foreground color will be 
assigned a value of 3. 

According to the invention, anti-aliasing may be per 
formed for each character to take into account variations of 
background color and differences in chrominance and lumi 
nance between background and foreground colors. Also, the 
width over which the edge of a character is anti-aliased i.e. 
the width of the convolution kernel may be varied. 
Rendering and Anti Flicker Adjustment 

For example, at step 130, the pixels are rendered and the 
adaptive transition width is adjusted to enhance the display 
clarity. The width of the transition from the background to 
the foreground depends on the point size of the font being 
used. Therefore, blurring out the edge of a character with a 
wider transition range helps to reduce Sudden changes in 
color that can cause Y/C Separation artifacts on the display 
device. 
An additional artifact problem is flicker created along 

horizontal edges caused by interlaced displays without a 
hardware flicker filter. Interlaced images, Such as those used 
in NTSC and PAL, draw each screen image as two frames 
comprised of every other Screen line, with the two frames 
offset by a line to form a combined (interlaced) image. 
Interlacing was originally introduced to compensate for slow 
vertical scan, which would result in refresh from the top to 
bottom of the Screen introducing motion artifacts. One of the 
technical disadvantages of interlacing is occasional flicker 
along vertical color transitions, Such as those along hori 
Zontal edges, which is problematic for text characters. 
Some video devices compensate for this flicker artifact by 

using an antiflicker circuit which performs a vertical low 
pass filter or convolution on the image either in the frame 
buffer or as it is Scanned out to Video. Unfortunately, many 
Video devices lack this hardware feature. 

One embodiment of the present invention addresses the 
flicker problem by adjusting the anti-aliasing color ramps to 
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6 
have different widths horizontally and vertically, with a 
wider ramp vertically than horizontally. This allows a 
greater width ramp in one direction (vertical) without unduly 
compromising legibility of the character. Typically, the 
flicker reduction can be done as part of the font rendering 
pass without any degradation in performance. This particu 
lar embodiment addresses the instance where there is no 
hardware flicker filter. In the instance where there is a 
hardware flicker filter which blurs vertically, anti-aliasing is 
performed leSS vertically than horizontally. 
While the above discussion describes the process of 

displaying text characters upon a television Screen, as this is 
a particularly problematic application, it will be obvious to 
those skilled in the art that the invention may be applied to 
a variety of Small images, Such as icons, elements of graphic 
user interfaces (GUIs), etc. and to a variety of different video 
displayS. 
More Specifically, the present invention may be applied to 

image filtering, as opposed to text edge anti-aliasing. Y/C 
Separation artifacts may be corrected by applying a wider 
filter kernel for the C components than for the Y component. 
Similarly, flicker may be diminished by applying a wider 
filter kernel in the vertical direction than in the horizontal 
direction. Thus, the same techniques used to diminish arti 
facts for characters may be used to diminish artifacts on 
other displayed images. 
Alternative Embodiments 

Although preferred embodiments are disclosed herein, 
many variations are possible which remain within the 
concept, Scope, and Spirit of the invention, and these varia 
tions would become clear to those skilled in the art after 
perusal of this application. 
What is claimed is: 
1. A System for anti-aliasing the edges of images dis 

played against a background on a display unit, Said System 
comprising: 

a background color detector for dynamically determining 
background color; and 

an anti-aliasing processor for anti-aliasing the edges of 
images based upon Said dynamically determined back 
ground color; 

wherein Said background color detector adjusts chromi 
nance values for foreground color displayed on Said 
display unit globally and adjusts chrominance values 
for background color displayed on Said display unit 
locally. 

2. The System of claim 1, wherein Said images comprise 
characters of text obtained from a Source document and 
wherein the background color is determined by instructions 
embedded in the Source document. 

3. The system of claim 2, wherein said instructions 
embedded in the source document comprise HTML tags. 

4. The System of claim 1, wherein Said background color 
is determined by user controls Set by the user. 

5. The system of claim 1, wherein said background color 
is determined by user controls derived from user actions. 

6. The System of claim 1, wherein Said background color 
is determined by manufacturer controls, Set by the manu 
facturer of the display unit. 

7. The System of claim 1, wherein Said images comprise 
characters of text Superimposed upon a graphic image and 
wherein the background color is determined by the content 
of Said graphic image. 

8. The system of claim 7, wherein said content includes a 
color histogram for an entire document. 

9. The system of claim 7, wherein said content includes a 
locally-weighted color histogram for a plurality of pixels. 
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10. The system of claim 7, wherein said content includes 
a locally-weighted color histogram for at least one block of 
pixels. 

11. The system of claim 7, wherein said content includes 
a color histogram for edge pixels for the entire Source 
document. 

12. The System of claim 1, wherein Said anti-aliasing is 
based upon the background color for each edge pixel. 

13. The System of claim 1, wherein Said anti-aliasing is 
based upon the local background colors for each image. 

14. The System of claim 1, wherein Said anti-aliasing is 
based upon the global background color. 

15. The System of claim 1, wherein Said anti-aliasing is 
based upon the local background color. 

16. The system of claim 1, wherein said background color 
is recomputed at regular intervals. 

17. The system of claim 7, wherein said background color 
is recomputed when changes occur in dynamic background 
images. 

18. A method of anti-aliasing the edges of images dis 
played against a background on a display unit, Said method 
comprising: 

dynamically determining a background color; 
adjusting chrominance values for foreground color dis 

played on Said display unit globally and adjusting 
chrominance values for background color displayed on 
Said display unit locally, and 

anti-aliasing Said edges of Said images based upon said 
dynamically determined background color. 

19. The method of claim 18, wherein said images com 
prise characters of text obtained from a Source document and 
wherein the background color is determined by instructions 
embedded in the Source document. 

20. The method of claim 19, wherein said instructions 
embedded in the source document comprise HTML tags. 

21. The method of claim 18, wherein said background 
color is determined by user controls Set by the user. 

22. The method of claim 18, wherein said background 
color is determined by user controls derived from user 
actions. 

23. The method of claim 18, wherein said background 
color is determined by manufacturer controls, Set by the 
manufacturer of the display unit. 

24. The method of claim 18, wherein said images com 
prise characters of text Superimposed upon a graphic image 
and wherein the background color is determined by the 
content of Said graphic image. 

25. The method of claim 24, wherein said content includes 
a color histogram an entire document. 

26. The method of claim 24, wherein said content includes 
a locally-weighted color histogram for a plurality of pixels. 

27. The method of claim 24, wherein said content includes 
a locally-weighted color histogram for at least one block of 
pixels. 

28. The method of claim 24, wherein said content includes 
a color histogram edge pixels for the entire Source docu 
ment. 
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29. The method of claim 18, wherein said anti-aliasing is 

based upon the adjacent background colors for each edge 
pixel. 

30. The method of claim 18, wherein said anti-aliasing is 
based upon the adjacent background colors for each image. 

31. The method of claim 18, wherein said anti-aliasing is 
based upon the global background color. 

32. The method of claim 18, wherein said anti-aliasing is 
based upon the local background colors. 

33. The method of claim 18, wherein said background 
color is recomputed at regular intervals. 

34. The method of claim 24, wherein said background 
color is recomputed when changes occur in dynamic back 
ground images. 

35. The method of claim 18, wherein said anti-aliasing 
uses a wider color ramp in the vertical direction than in the 
horizontal direction. 

36. The method of claim 18, wherein said anti-aliasing 
uses a wider color ramp for the chrominance components 
than for the luminance components. 

37. A System for filtering the edges of images displayed 
against a background on a display unit, Said System com 
prising: 

a background color detector for dynamically determining 
background color; and 

an image filter for filtering the edges of images based 
upon Said dynamically determined background color; 

wherein Said background color detector adjusts chromi 
nance values for foreground color displayed on Said 
display unit globally and adjusts chrominance values 
for background color displayed on Said display unit 
locally. 

38. The system of claim 37, wherein said image filter uses 
a wider filter kernel in the vertical direction than in the 
horizontal direction. 

39. The system of claim 37, wherein said image filter uses 
a wider filter kernel for the chrominance components than 
for the luminance components. 

40. A method of filtering the edges of images displayed 
against a background on a display unit, Said method com 
prising: 

dynamically determining a background color; 
adjusting chrominance values for foreground color dis 

played on Said display unit globally and adjusting 
chrominance values for background color displayed on 
Said display unit locally, and 

filtering Said edges of Said images based upon Said 
dynamically determined background color. 

41. The method of claim 40, wherein said filtering uses a 
wider filter kernel in the vertical direction than in the 
horizontal direction. 

42. The method of claim 40, wherein said filtering uses a 
wider filter kernel for the chrominance components than for 
the luminance components. 
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